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Process and System for Recovering Energy from Carbon- 



Containing Materials 



Technical Field 



The invention relates to processes and systems for converting carbon-containing 
materials, in particular waste materials containing organic substances, into combustible 
fuels and thereby recovering energy from the carbon-containing materials. 



The disposal of ever-increasing quantities of waste materials is a significant 
challenge in many parts of the world and is becoming a more significant problem as the 
world's population becomes increasingly urbanised. Furthermore, the increasing human 
population and increasing levels of affluence are resulting in larger quantities of waste 
materials of various kinds being generated. Disposal strategies currently utilised for 
dealing with wastes include landfill, biological degradation by various means, 
combustion, and various chemical treatment processes. However, each of these methods 
suffers from one or more disadvantages. For example, existing disposal methods may 
cause pollution, may be energy intensive, or may be wasteful of limited resources such as 
land. Additionally, many waste materials constitute a source of useful energy if efficient 
means of recovery of that energy can be devised. For example, waste incineration is an 
effective way of decreasing the bulk of waste material for disposal, but typically the heat 
generated by the incineration is not recovered, and in addition the process can lead to the 
generation of pollutants such as nitrogen oxides and dioxins, and the generation of large 
quantities of greenhouse gases. Hence there is a need for improved waste treatment or 
disposal processes which are environmentally benign and which result in the recovery of 
useful energy from the wastes. 

It is an object of the present invention to provide an efficient method for the 
recovery of useful energy from carbon-containing materials, and simultaneously to 
provide an environmentally acceptable way of disposing of waste materials with minimal 
adverse environmental impact. 



In a first embodiment of the invention there is provided a process for generating 
heat from a carbon-containing material which includes the steps of: 



temperature to produce a carbon-enriched solid and a combustible gaseous product; 



Background of the Invention 



Summary of the Invention 



(a) 



pyrolysing said material in a pyrolysis zone of a reactor at an elevated 
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(b) burning a first part of said combustible gaseous product to produce a 
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(a) pyrolys.ng said material in a pyrolysis zone at a r ♦ , 
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containing hydrogen gas and carbon monoxide; 
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hydrogen-rich stream and a hydrogen depleted stream, and means to transfer the 
hydrogen-depleted stream to the heating means. 

The system of the fourth embodiment may further comprise a second gas conduit 
between said heating means and said reactor vessel, to transfer gaseous combustion 
products from said heating means to the interior of said vessel. 

The energy recovery means typically includes a high pressure boiler wherein the second 
part of the gases generated in the reactor vessel is burnt. More typically, the system 
further includes a further gas conduit adapted to transfer gaseous combust.on products 
from the energy recovery means to the interior of the reactor vessel. 

Brief Description of the Drawings 
Figure 1 is a schematic representation of a system for recovery of energy from 
carbon-containing materials utilising a process in accordance with the third embodiment 
of the present invention. 

Figure 2 is a schematic representation of a system for recovery of energy from 
carbon-containing materials utilising a process in accordance with the "second 
embodiment of the present invention. 

Figure 3 is a diagram of a suitable reactor for carrying out a process in 
accordance with the invention. 

Figure 4 is a diagrammatic representation of a reactor used in laboratory scale 
trials of a process according to the invention. 

Figure 5 is a schematic representation of a system used in laboratory seale trials 
of a process according to the invention. 

Figure 6 is a schematic representation of an alternative system for recovery of 
energy from carbon-containing materials utilising a process in accordance with the third 
embodiment of the present invention. 

Detailed Description of the Invention 

In the processes of the invention, the carbon-containing material usually contains 
carbon in chemically bound form, and may contain other elements. Usually, the material 
additionally contains the element hydrogen in chemically bound form. It may also 
contain oxygen and/or other elements. The material is typically a waste material, but it 
need not be. Thus, materials for use in the process of the invention may also include 
conventional solid fuels such as coal, coke, anthracite, bituminous coal, peat etc, or other 
materials such as timber, paper, cardboard, etc. However, advantageously the carbon- 
contauung material is a waste material, which may be any organic waste such as sewage- 
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municipal solid waste; agricultural products and waste of various kinds including wood 
waste, bagasse, rice hulls, prunings, abattoir waste and manure; industrial wastes of 
various kinds including pulping liquor from paper pulp mills, solids and sludges from 
waste water treatment, plastics, coal washing solids, shale, spent solvents, oil refinery 
wastes, contaminated soils, car tyres and so on. The composition of the waste is not 
critical to the process of the present invention, nor is its moisture content. However, 
typically the waste will have been processed in a preliminary step to remove gross 
quantities of water, where present, by one or more methods which are generally known in 
the art for that purpose such as centrifuging, filtering, skimming, evaporation, etc. 

The pyrolysis reaction in the processes of the present invention typically occurs 
at a temperature in the range of about 200°C to 600°C, more typically in the range 200°C 
to 400°C. Generally, in the processes of the second and third embodiments the pyrolysis 
reaction occurs in the same reactor as reaction step (b) but it can occur in a separate 
reactor. A substantially oxygen-free atmosphere is typically generated in the pyrolysis 
zone by conducting the pyrolysis in a closed vessel so that any oxygen which the vessel 
contained initially is consumed by reaction with the carbon-containing material, or with 
elemental carbon, at the temperature of the pyrolysis zone. Alternatively the pyrolysis 
reaction zone may be initially purged with an oxygen-free gas, such as nitrogen, carbon 
dioxide, steam or mixtures thereof. For example, in the processes of the second and third 
embodiments a part of the gaseous product generated in reaction step (b) may be passed 
from the reaction zone for step (b) into the pyrolysis reaction zone so as to-sweep out 



The pyrolysis reaction results in coking or charring of the carbon-containing 
material to produce a carbon-enriched solid material and simultaneously generates low 
molecular weight organic substances which typically vaporise at the temperature of the 
pyrolysis reaction. Water vapour is also typically liberated as steam by the pyrolysis 
process, unless the carbon-containing material is dry and the carbon-containing 
substances present are mainly hydrocarbons (for example used car tyres). In the latter 
case, it will be necessary to add steam or water to the reaction zone in the processes of the 
second and third embodiments. 

The pyrolysis reaction produces a carbon-enriched solid material and a vapour 
phase. Optionally, the vapour phase may be cooled to liquefy any condensable materials 
which it contains before the remaining gas, or part of it, is sent either to the reaction zone 
for step (b) (in the processes of the second and third embodiments) or for burning (in the 



oxygen. 
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For example, the carbon-containing material may contain essential oils or relatively 
volatile natural oils which may be recovered by cooling the vapour phase removed from 
the pyrolysis zone to a suitable temperature. Leaves or other parts of plants containing 
natural oils may thus be used as the carbon-containing material, for instance, from which 
may be recovered at least part of the natural oils they contain, such as coconut oil, palm 
oil. cottonseed oil, corn oil, soybean oil, rapeseed oil, sunflowerseed oil, linseed oil, 
eucalyptus oil. tea tree oil and the like. 

In step (b) of the processes of the second and third embodiments the carbon- 
enriched solid from the pyrolysis step is contacted with steam in a reaction zone at a 
second elevated temperature, thereby undergoing a water gas reaction to produce a 
gaseous mixture containing hydrogen and carbon monoxide. Some carbon dioxide may- 
be produced in this reaction also. Typically, a mixture of carbon monoxide and carbon 
dioxide is generated, but it will be appreciated that the relative proportions of carbon 
monoxide and carbon dioxide depend on the ratio of steam to carbon in the reaction zone, 
on the temperature of operation and on the concentration of oxides of carbon already 
present. Chemical reactions occurring in the reaction zone may be represented 
schematically as follows: 

C + H 2 0 — ► CO + H 2 (1) 
CO + H 2 0 — - C0 2 + H 2 (2) 
C0 2 + C ^ 2 CO (3) 

Additionally, if any oxygen is present in the reaction zone, the following 
reactions can occur: 

C + 0 2 — ► C0 2 (4) 
2C + 0 2 — ► 2CO (5) 
Hence, if sufficient steam is available and carbon monoxide is removed from the 
reaction zone, carbon in the carbon-enriched solid tends to be consumed and converted 
into oxides of carbon. Further charring/coking of the carbon-enriched solid may also 
occur in the reaction zone. Advantageously, however, carbon monoxide is permitted to 
accumulate in the reactor by recycling to the reactor all combustion products after burning 
the first and second gaseous products, as in the process of the second embodiment. 

In another form of the processes of the invention, gases produced in the reactor 
may be removed from the reactor and at least part of the carbon dioxide and carbon 
monoxide may be at least partially separated from hydrogen by conventional means. In 
this form, the separated carbon monoxide and carbon dioxide (which may also contain 
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that low molecular weight organic substances generated during the pyrolysis step may 
undergo further reactions under the conditions of the water gas reaction in step (b). 

In the process of the first embodiment typically about 30% by volume of the 
gaseous materials generated in the pyrolysis zone is burnt to provide the heat necessary to 
maintain the elevated temperature in the pyrolysis zone. Similarly, in the in the processes 
of the second and third embodiments typically about 30% by volume of the gaseous 
materials generated in steps (a) and (b) is burnt to provide the heat necessary to sustain 
the reactions in step (b). However, it will be appreciated that in all cases the quantity of 
gaseous product required to be combusted for these purposes will depend on the carbon 
content of the carbon-containing material used, its water content and other components 
present. 

From the foregoing it will be seen that typically approximately 70% by volume 
of the gaseous product generated in the processes of the invention is available for removal 
from the reactor and constitutes a useful fuel. For example, the gaseous products 
removed from the reactor may be burnt in a high pressure boiler so as to raise steam for 
the generation of electricity, or for any other conventional purpose. 

The portion of the gaseous product which is burnt to maintain the temperature(s) 
in the reactor may be combusted in air, and the resulting heat applied externally to the 
reactor. More usually, however, the combustion gases are returned to the interior of the 
reactor, though they may also be passed through a heating jacket external to the reactor 
before being directed to the interior of the reactor. In the processes of the second and 
third embodiments this may provide a further source of water vapour for reaction step (b). 
Where the combustion gases are returned to the reactor, in order to avoid build up of 
nitrogen in the process, it is more typical to utilise pure oxygen, rather than air, for the 
combustion step. Advantageously, where the gaseous product removed from the process 
of the invention is combusted for the purpose of generating electricity, some of that 
electricity may be used for the electrolysis of water to generate oxygen for use in the 
combustion of the gaseous product(s) of the process. In one form of the process of the 
third embodiment, a further portion of the first and/or second gaseous product is 
combusted to provide the heat necessary to sustain the first elevated temperature for the 
pyrolysis step, step (a). 

In one form of the processes of the invention, flue gases may be supplied to the 
pyrolysis zone or the reaction zone, or both, for remediation. The flue gas may derive, for 
example, from combustion of a fossil fuel such as coal, coke, fuel oil or natural gas in a 
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It will be appreciated that once the process of the invention has been initiated, it 
may be operated so as to be essentially self-sustaining by feeding to the reactor 
continuously or batch-wise additional carbon-containing material and periodically 
removing from the reactor ash or other inert materials. Carbon may also be removed 
from the reactor with the ash in some embodiments of the invention. If necessary, the 
carbon content of the carbon-containing material may be adjusted by blending different 
materials of different carbon contents so as to maintain a substantially constant supply of 
carbon to the reactor. Typically, the carbon content of the carbon-containing material is 
at least about 6 % by weight, based on the total weight of the carbon containing material, 
and the moisture content is typically not more than about 94 % by weight on the same 
basis, in order for the process of the invention to be self-sustaining. 

When the combustible gaseous product produced by the process of the invention 
is burnt to raise steam (and especially when it is burnt in oxygen rather than air), the 
combustion gases may be recycled to the reactor in the pyrolysis zone and/or the reaction 
zone. This results in an essentially closed gas circulation system from which essentially 
no gaseous effluent is produced. 

At start up, an external source of heat is required in order to elevate the pyrolysis 
zone to the elevated temperature of the pyrolysis reaction, and to elevate the reaction 
zone, when present, to the second elevated temperature. Such an external source of heat 
may be any convenient source, but is typically a combustible gas or oil. 

A reactor vessel for use with a process of the present invention may conveniently 
be a twin-bell reactor of the type typically used in blast furnaces. This type of reactor 
includes two chambers, one above the other, the upper of which is a hopper for holding a 
quantity of carbon-containing material, and the other chamber is a reactor chamber. The 
hopper is separated from the reactor by a relatively narrow neck which is capable of being 
closed by a bell-shaped valve. Similarly, the hopper is closeable at its upper end by a 
similar bell-shaped valve. In operation, the hopper compartment is charged with the 
lower bell valve in the closed position and the upper one in the open position, whereafter 
the upper bell is closed and the lower one opened so as to cause the hopper contents to 
discharge into the reactor. The lower bell is then closed while the reactions proceed. In 
this way. charging of the reactor may be completed without substantial interruption to the 
reactions taking place and without the admission of unlimited quantities of air. The 
hopper vessel may be purged of air before it is discharged into the reactor, if so desired. 
Typically, purging of air is achieved using steam or carbon dioxide, more usually steam. 
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and oxides of carbon which passes out of reactor 100 through gas collection port 133. 
Waste heat present in gaseous product 125 is recovered in boiler 140 from which the 
gaseous stream passes into preheater 145, gas cooler 150 and then into gas storage vessel 
160. In preheater 145, oxygen or air are preheated before being fed to burners 170,171. 
A portion of gas exiting preheater 145 is passed to burners 170, 171 where the gas is 
combusted and the generated heat and combustion products are directed to pyrolysis zone 
1 10 and reaction zone 120 of reactor 100 so as to sustain the desired temperatures in those 
zones. In gas cooler 150, water and other condensables 155 are removed from the 
gaseous stream exiting preheater 145. Organic condensables may be separated from 
water in stream 155 and returned to reactor 100. Gas from gas storage vessel 160 
typically predominantly contains carbon monoxide, hydrogen and gaseous organics, and 
may be removed from storage vessel(s) 160 for combustion and energy recovery. 

Figure 2 is a schematic representation of a system for recovery of energy from 
carbon-containing materials utilising a process in accordance with the second 
embodiment of the present invention. The system illustrated in Figure 2 includes all of 
the components of the system illustrated in Figure 1 and additionally includes high 
pressure boiler 180 connected to gas storage vessel(s) 160 and provided with preheated 
air or oxygen 146 from preheater 145. Exhaust line 185 from high pressure boiler is 
connected to reactor 100 and is equipped with valve 188, and is also connected via line 
1 87 to gas cooler 190. Line 187 is equipped with valve 189. Gas cooler 190 is connected 
to carbon dioxide storage 195. - 

In use, the system illustrated in Figure 2 is operated in the same way as the 
system illustrated in Figure 1, as described above, except that gas stored in gas storage 
vessel(s) is not removed for combustion but is sent to high pressure boiler 180 for 
combustion. Exhaust from boiler 180 typically contains predominantly carbon dioxide 
and water vapour and is normally returned via line 185 to reactor 100. That is, normally 
valve 188 is open and valve 189 is closed. If it is desired to remove carbon dioxide from 
the system, valve 188 may be closed and valve 189 opened, to direct exhaust from boiler 
1 80 to gas cooler 190 and thence to carbon dioxide storage 195. 

Figure 3 is a diagram of a suitable reactor for carrying out a process in 
accordance with the invention. As seen in Figure 3, reactor 200 includes hopper 210 and 
reaction chamber 220 below hopper 210. Hopper 210 and reaction chamber 220 are 
separated by neck region 215 which is closeable by first bell valve 240. Second bell 
valve 230 permits the upper end of hopper 210 to be closed to the atmosphere. Above 
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manifold ^93 and Is " " ^ ^ " ^ ^ offtake 

-9, and gas supply ma n,fold 290 which is connected via gas return 295 to 
upper pomon of reaction chamber 220. ° 

During continuous operation of reactor 200 first bell v*l w ■ 

" the closed position and second bell valve ?30 i, , ' S n ° rma,,y " 

carbon-containino materia] " " *° " t0 ^ °^ for charging 

— -P -n this 

- -m is Passed through hopper 2I0 from s j::: ::2t::~ 

PP -£iu. Valves 21^,216 are then closed and first bell valve 740 i 

carbon-containing material 245 to fell ■ , • t0 P6rmit 

t, material to fall into reaction chamber 270 iwto, ■ i • 

chamber 220 occupy a pyrolysis zone 250 „h reaCtio " 

pvrolvsis zone -50 „ reaC " 0 " Z ° ne 260 and ash 2 <™ 270. In 

eiv a : , r t: 8 t or T ng of carbon -° on,ain ing ~ ^ ~- - - 

chamber 2 ~L~ A '" IT'^ *° ° W ' nS '° ° f ~*» 

in.o reaction chamb^ ^ ^ ^^"^ — ia, 245 is charged 

Pi presses through reactor into reaction zone ?aa r„ 

carbon-enriched material from ra h • reaCt, °" Z ° nC 260 ' 

material from carbon-containing material 245 reacts with ♦ 
generated in pyrolysis zone 9 ^ ■ Ith steam 

cthi~ r ::::r S e f , However ' ,he — — - -™ 
— „ 8 ^tli^iiz^t-- Wi,h funher charees ° f Mrb - 

remova, valve 275 materia, • Pr ° 8reSS ' Ve rem ° Va ' ° f a * 270 via «* 





•Q'3 ,S€E!- ! *GS 
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Figure 6 is a schematic representation of an alternative system for recovery of 
energy from carbon-containing materials utilising a process in accordance with the third 
embodiment of the present invention. Referring to Figure 6, the system includes reactor 
300 which is charged with carbon-containing materials 305 in an upper part of reactor 
300. Below carbon-containing materials 305 is pyrolysis zone 310 in which carbon- 
containing materials 305 are converted to carbon-enriched materials. Beneath pyrolysis 
zone 310 is reaction zone 320 in which the carbon-enriched materials react with water 
vapour to produce hydrogen and oxides of carbon. Zone 330 is an ash zone, from which 
ash may be removed into ash receiver 335. 

Gas offtake 333 is provided to reactor 300, for removing gases from reactor 300. 
Pipe 338 connects gas offtake 333 to gas scrubber system 340 in which reactor gases may 
be separated from condensables. Gas scrubber system 340 is equipped with condensables 
offtake 345 and pipe 346 which connects gas scrubber system 340 to gas separation 
system 350 and conveys gases from gas scrubber system 340 to gas separation system 



Optionally, the heat content of gas removed from reactor 300 by gas offtake 333 
may be utilised before the gases reach gas scrubber system 340. For example, gases in 
pipe 338 may be passed though a heat exchanger (not shown) for recovery of useful heat 
energy, or the gases may be used to heat the pyrolysis zone and/or reactor zone of another 
reactor similar to reactor 300 (also not shown) being operated at the same time as reactor 
300 for recovery of energy from other carbon-containing materials. 7 

Gas separation system 350 is typically a gas decant system but may include any 
suitable means for separating hydrogen, at least partially, from other gases present, 
predominantly oxides of carbon, and nitrogen. Thus, gas separation system 350 is 
connected to two gas storage units 351, 352 to permit gases separated in separation unit 
350 to be passed to, and stored in, storage units 351 and 352 for hydrogen-rich and 
hydrogen-depleted gases respectively. 

Gas storage unit 352 is connected to furnace 360. A supply of air and/or oxygen 
is also connected to furnace 360 (not shown). Exhaust from furnace 360 is connected via 
line 365 to heater jacket 370 which is provided to reactor 300. Line 365 is also equipped 
with valve 368, an outlet of which is connected to exhaust 369, which is open to the 
atmosphere. 

Gases leave heater jacket 370 and are led to the interior of reactor 300 via pipes 
375. 375a. Pipes 375, 375a may be equipped with an exhaust vent to atmosphere 



350. 



WO 01/23806 ^ 



PCT/AUOO/01199' 

16 



(exhaust vent not shown) which is normally closed hv 

opened if necessary t0 release pressured d^ c 7™ ' ^ *** ^ 

away f rom re actor 300 if desired ^ "~ ^ ^ 360 

Reactor 300 is equipped internally with a plurality (typically <n of H 
* 38. (two shown in Figure 6) which extenH f u } d ° Wncomers 

reacnon zone 3^0 and \„ , Z ° nC 310 to bel °- 

' ^ne 330 of reactor directlv • , ^ / heater jacket 370 into ash 

— * „ :™r:;:::r 305 as shown - ,n - - ™* * « 

Gas storage unit 351 is connected to boiler 390 whirh • 
- 3* - — Hne 3 96 which , eads to ^^"^E^ — 

In use, reactor 300 is charged with carbon-containing materials ins' 

wmch pass through py ro ,ysi s ZO ne 310 and reaction zone 320 k **' 

removal from the reactor 300 • t u ° Z ° nC 330 P rior to 

ine reactor 300 into ash receptacle 335 TW ic a u ■ 

reactor 300 successive rh» rn f L ' &Sh 13 remov ed from 

3oo. rou8h20 ™ *r 3 ;o ~ nins —* - 305 — — — 
3.0 w, h r; n ;::r 0 :: f s T ais 305 are pyro,ysed - ~ «« 

introduced in " 300 r T Ched *** ~ A.so 

passes through downcomer, IS* a a a 3 1 0 and the mixture 

«a«er vapour generated predominant,, in pyrolysi ^ ^ ' n ™ — 
-ith earbon-ennched materia, in reaction zol 32 to h d '° Xide ' " 

in hydrogen and carbon mo„„.tH. '° ^ 8 — •»»*»• niched 



- oI~l 3 3^17 d ~ ~ * *" 338 * - — 

from condensate s^JT^l T* 7 " — ** ~" 8 gases 
305 in py rolysis zone ~ ^ aS ,° ,,S VOla ""- d *» carbon-containing m a,e ri a,s 

-ubber fo r seP : ; ir f ;;:7 p,e> rr bber sys,em 340 m - — • — 

separating oiis from ZlT ' *™« *r 

water. Reactor gases separated in gas scrubber system 340 are 
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transferred via pipe 346 to gas separation system 350, in which hydrogen is at least 
partially separated from other gaseous products. 

Thus, two gaseous streams exit gas separation system 350. A first stream which 
is relatively hydrogen-rich, passes to storage unit 351 and the seemed stream passes to 
storage unit 352 prior to being passed to furnace 360 where it is burned in air or oxygen. 
The combustion product gases are conducted through line 365 to heater jacket 370 of 
reactor 300, for heating pyrolysis zone 310 and/or reaction zone 320 of reactor 300, and 
hence via pipes 375, 375a to the interior of reactor 300 as described above. 

If desired, valve 368 may be partially opened or completely opened temporarily 
to divert combustion gases 365 partially or completely to exhaust. 

The gases in gas storage unit 351 are utilised as combustible fuel for recovery of 
energy, by generating electricity. Thus, gas from gas storage unit 351 is burned in boiler 
390 to raise steam which is passed via steam line 396 to electricity generation system 395. 
Electricity generation system 395 typically includes a turbine and generator of 
conventional design. 

At startup of the system, if no or insufficient gas is stored in gas storage unit 352, 
an alternative combustion fuel is supplied to furnace 360. This alternative fuel may be 
fuel oil, natural gas or similar, or may conveniently include oils removed from gas 
scrubber system 340 via condensable offtake 345 during a previous operation of the 
system. 

Since the processes of the first and second embodiments of the invention may be 
operated as essentially a closed system, or at least one in which the quantity of gaseous 
effluent is substantially decreased compared to processes which rely on total combustion 
of organic materials in waste, they are processes with little or no adverse impact on the 
environment. Although a process in accordance with the third embodiment of the 
invention may release carbon dioxide to the atmosphere, it provides a process whereby 
useful energy can be recovered from waste materials with a net reduction in the volume 
and other problems associated with disposal of the waste. However, as noted above, the 
process of the third embodiment may be operated essentially as a closed system with 
regard to oxides of carbon, so that any carbon introduced into the reactor in the waste 
material or other carbon-containing material, leaves the system not as carbon dioxide, but 
as elemental carbon. Other major byproducts of the process are water and ash, which 
may be utilised as a soil substitute or soil conditioner. The other major by-product of the 
process, namely water, is in increasingly short supply in many parts of the world, and the 
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process of the invention provides a new source of water which may be used for , 
for irrigation or in domestic water sunolv ■ ^ 

^ water supply (after appropriate treatment). 

Example 

The following is a description of laboratory scale trials of , 
* accordance with the invention. Pr ° CeSS ,n 

APPARATUS 

.n F igure T F ;n::r:r r d as in Figure 4 with s ^ 40 *» - 

o f th ™, n F ; c ; ; :: ss ' sectiona ' view ° f ,,k — « « ■ ■*» *. 

0.25-inch (75 x 75 x 6 4 mml 7 85 ^ Construcled f ™ 3 x 3 x 

~a>u itrrr^r — - ans < 
~ a)) was flned wilh pressure j;;;:/:°ii fl ;r ( :::; (A d NSI " 300,b 

gauge. It was also fitted with a 2 5" f64m m t f, , . ' PreSSUre 

a steei. graduated dipstick . " <64mm) ^ » b ™ Co aUow access of 

upp, ;::::z;: d 0 t:r c,or co r of a flrebox 400 — - - 
* - *-» .0 and by r:: mr -rr: 4,0 de r * - 

body 450 through opening 40S ■ , u Pe " S mt ° the reactor 

«* o f , h e Jc^i: : g ; 7: — - - 
0, « and annular space 410 has a g lhickn ::;: ^ °~ « „. . di of 

an o Utsid e di ame,er of m , the upper end of Z b T 

lower end of downcomer 4?n r> 8 1 D m above the 

uuwncomer 420. Downcomer has leneth io m ,„^ 

just above a 0.4 m deen taner.H a , ° PenS at ltS ,ower e "d 

u.h m aeep tapered end of reactor bodv 4S0 At o u • u ^ 

lower end. reactor body 450 is eouinoeH ■* 8 ° f 1 5 m 3b ° Ve itS 

tju is equipped with gas outlets 430. 

Four gas ring burners were installed at on h.„ 
Nation from the ^ of (he ^^7" " - - 0.25m 

heating surface of reactor bo dy 450 Four more ! ' mPingine ° n "* 

rotation from the firs, set a„H I on " DUnMrS ^ P ' aCed al 45 d egree 

elevation Each hi ^ ro * a,i ° n """« a, the ,. 25m 

tacn burner ring was individually equipped with a „ • i • 

( ' 2 -)^^ 1 oca«o. S erve dMinl eJ or :~ i r ^ ^ 

cement * - ~ - — wtth ashestos 

- — was c„a,e d w^ " ^ ^ " * " «* <* 



W33 oiO&S^QS: 

WO 01/23806 PCT/AUOO/01199 



19 

This design results in a 12" (300mm) thick annular space to be charged with 
waste and heated by the flame on one side and hot exhaust and volatile gases on the other. 

The combustion gases pass from the firebox 400 into the reaction chamber 
through 6" (150mm) holes 405 and mix with volatile gases generated by heating carbon- 
containing material in annular space 410, and the gases pass down the downcomer 420. 
These gases then exit the downcomer 420 and migrate back up through carbonaceous 
residue in the lower part of annular space 410, to exit to a compressor 460 by way of 4 x 
6* ? (150mm) outlets as illustrated diagramatically in Fig. 4C, and a manifold fitted with a 
rupture disc. 

From the compressor 460, the gas/vapour passes through a water-cooled heat 
exchanger 470 and into one of two parallel piped storage vessels 1, 2, as illustrated 
schematically in Figure 5. The storage vessel design includes a steam trap, fitted with a 
''goose neck'* water draw. Further it is fitted with 100-psi (689kPa) pressure gauge, 
pressure relief valve, gas purge and product effluent valves. The effluent valves are 
joined together by way of a manifold and then connected to a second compressor 480 by 
way of a pipe section containing a rupture disc. The second compressor 480 is then 
connected to the burner feed manifold. Air compressor 490 supplies air for combustion to 
firebox 400. 

A bottled LPG manifold 3 set up as the initial heat source is also connected to the 
burner feed manifold. 

CHARGE VOLUME CALCULATION 

Volume of waste zone 

Outer diameter 0.6 m 

Inner diameter 0.3 m 

Length 2 m 

Volume annular space 0.424 m J 

Volume of carbon zone 

Outer diameter 0.6 m 

Inner diameter 0.3 m 

Length 1 m 

Volume annular space 0.212 m 3 
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Volume of ash zone 
Cone volume 
Height 
Diameter 
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0.038 

0.4 

0.6 



m 
m 
m 



INITIAL CHARGE VOLUME 0.674 m 3 



DESIGN CHARGE/HR 



0.4 



m 



DESTRnrTinxT- PPTNrTr LES TNVOr VFn 

and the centra, down come, On entrance to this space the waste is in the colcin g 
(pyrolysis) stage. comng 

Slags I - THF. CQK IMG SIAGE 

cotnote ™ e C ° kinS ° f * e PrOMSS Pla " * e t0 " 2m of *= where 

400 r (205 C) , o produce carbon ^ char> ^ 

:r ( ? h is convened ,o ^ - d - — L P 
rr::;: ,norBanic ash exit - — - - - - - 

resi St a„ce?, e o 8 e a x S r d r POUrS "™ ^ ^ *" ^ *>» <"» ^ <* 

h I? , m ' Srate ^ ,hr ° U8h C ° ke reSW - «-y ca k e pan in 

the Stage II reaconstn which water vapour is converted .o water gas 

Stage n - watfp GASJEQCUCIIQl I 

tncan^™^: ^ " " " ^ ^ " - 

The gas production reactions are primarily: 
C + H 2 0 = CO + H 2 
C + 2H 2 0 = C0 2 + 2H 2 

.hrou.h ZZZTT^ ^ WaKr fr ° m ^ <"-> * ■»* 
°u = h the restdual coke or char in the bottom l- m of the reactor Both „f .v. 

~ are endorhennic. before, the ,e mp era, U re o f the hed o f carl 
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the steam is blown would be lowered quickly to a point where no reaction would occur, if 
no heat were added to the system. 
OPERATION 
Initial Charge 

1 . The system was constructed and assembled as in Figures 4 and 5. 

2. The gas extraction and feed lines to the system were hydraulically tested. 

3. The reactor was filled with coconut shells (0.6m 3 ) and the reactor was sealed. 

4. The system was purged with steam. 

5. The cooling water system was started and valves in the gas extraction line to tank 
1 were opened. 

6. The LPG gas flow and air compressors were started and the gas was ignited. 

7. When the reactor pressure had risen to 60-psi the exhaust compressor was started 
with feed to storage tank 1. 

8. When the reactor pressure fell away gas to the burners was stopped. 

9. The dipstick ball valve was opened and the system shut down. 

10. The reactor was dipped. Steps 3 and 5-9 (but not step 4) were repeated if the bed 
depth was below 2m from the top close valve. 

11. If the bed depth was above 2-m 5 ash was removed to this level by opening the 
bottom hatch. 

Methods - Testing Procedures 

1 . Three consecutive charges of 0.4-m J of each of the following were s_equentially 
added to the reactor. 

Municipal Garbage 
Rubber tyres 
Wet Bagasse 
Saw Dust 
Oil Sludge 

2. The reactor was filled with the respective charge (0.4m J ) and the reactor was 
sealed. 

3. The cooling water system was started and the valves in the gas extraction line to 
tank 1 were opened. 

4. The gas flow was started from the previous gas storage tank and the air 
compressors and the gas was ignited. If no gas was available the LPG gas valve was 
opened. 
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5- When the reactor pressure reached 60 psi (about 4.5 kPa), the exhaust 

compressor was opened with feed to the current storage tank 

di f L H^r n , the rCaCt0r PreSSUre ^ g3S t0 thC b — w - 'topped the 
chpstick ball valve was opened and the system shut down. 

The reactor was dipped. 

8- Steps 1 -7 were repeated for the next charge 

RESULTS 



Charpe 1 -Garble 

depth at end of previous charge 220 
depth at end of current charge 230 
residual from this charge 
volume 



cm 
cm 

0.1 m 
0.021214 m 3 



Fired by 
LPG 



Charge 2 ^G_arbage 

depth at end of previous charge 230 
depth at end of current charge 
residual from this charge 
Volume 



cm 
cm 



240 

0.1 m 
0.021214 m 3 



Produced gas 



Cha rge 3 -Garbage 

depth at end of previous charge 240 
depth at end of current charge 255 
residual from this charge 0. 1 5 

volume 



cm 
cm 
m 



0.031821 m 3 



Charne 4- T Y », f 

depth at end of previous charge 255 

depth at end of current charge 300 

residual from this charge 0.45 



volume 



cm 
cm 
m 



0.095464 m 3 



Produced gas 



Produced gas 



Champ 5- Ty r^g 



LPG 



4 
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depth at end of previous charge 
depth at end of current charge 
residual from this charge 
volume 

6 Charge 6- Tvres 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

7 Char ge 7 - wet bagasse 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

8 Char ge 8 - wet hagasse 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

9 Char ge 9 - wet bagasse 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

10 Charge 10 - saw dust 
initial dip 

depth at end of current charge 
residual from this charge 
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300 cm 
350 cm 
0.5 m 

0.106071 m 3 ash removed 200 Litres 

94.27609 cm 

LPG 

205 cm 
260 cm 
0.55 m 
0.116679 m 3 

LPG 

260 cm 
275 cm 
0.15 m 
0.031821 m 3 

Produced gas 

275 cm 
280 cm 
0.05 m 
0.010607 m 3 

Produced gas 

280 cm 
295 cm 
0.15 m 
0.031821 m 3 

Produced gas 

295 cm 
310 cm 
0.15 m 
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Volume 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

£fc2r£e02^saw4ust 
initial dip 

depth at end of current charge 
residual from this charge 
volume 



24 

0031821 m 3 



cm 
cm 



310 
320 

o-i 

0.021214 m 3 



310 
320 
0.1 



cm 
cm 
m 



0.021214 m 3 
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^^^J^oil^hj^e 
initial dip 

depth at end of current charge 
residual from this charge 
volume 



320 
325 
0.05 



cm 
cm 
m 



0.010607 m 3 
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C harge 1 4 _ _ 
initial dip 

depth at end of current charge 
residual from this charge 
volume 

Cilai 2Ui_^iUiudgs 
initial dip 

depth at end of current charge 
residual from this charge 
Volume 

residual at end of test 



325 
340 
0.15 



cm 
cm 
m 



0.031821 m 3 



340 
355 
0.15 



cm 
cm 
m 



0031821 m 3 



355 
0.75 



cm 



m 
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Produced gas 



Produced gas 



Produced gas 



Produced gas 



Produced gas 
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total through put 



6.6 



m 



3 



% ash 



11.41 



waste converted to gas 



5.8 



m 



3 



The above results indicate that the destruction of rubber tyres does not sustain 



could be expected that if it were mixed with a high water waste it would effect a very 
good yield of water gas. 

Given the results of the tyre destruction it was decided to continue tyre 
destruction to assess the gas production. It was found that a further 5 charges of tyres was 
possible before the produced gas was exhausted and the system required the supplement 
of LPG. 

The above results indicate that there is excess gas production from the 
destruction of most wastes, compared to the quantity of gas which is required for the 
destruction of the waste. In particular municipal garbage could be effectively disposed in 
this manner. 



production. This is to be expected given the carbon content and lack of water. It 



